Abstract. -The magnetoelectric effect, on a {001) 0 rthorhombic cut Cu-Cl boracite crystal (Cu3B7013Cl) shows linear and second order components. At 4 K, with P3induced = 0<33H3 + (/3311Hl + /3322H~ + /3333H §) / 2, one obtains: 0<33 = 1.2 x 10-13 [s/m), /3311 :::::: 0, /3322 = 3.6 x 10-19 [s/A) and /3333 = -1.2 x 10-19 [s/A), the signs being understood relative to one another. These results, together with the observation of ME butterfly loops, corroborate magnetic point group m'm'2, as deduced from magnetic torque measurements (M. Haida et al., 1975) .
Introduction
The Cu-Cl boracite transforms at about 365 K from a cubic (43ml') to an orthohombic (mm21') P!U"amagnetic ferroelectric/ferroelastic phase and becomes a weak ferromagnet at about 8.4 K [1, 2] .
Measurements of magnetic torque and dynamic ME effect at 4.2 K have shown [2] that the spontaneous magnetization M. lies parallel to the spontaneous polarization P. 11 [001] suggesting the magnetic point group to be m'm'2, in contrast to several other ferroelectric/ferromagnetic orthorhombic boracites which are characterized by the magnetic point group m' m2' with P. and M. mutually perpedicular [3] .
Here we report quasistatic ME measurements at 4 K of magnetic field induced charges (MEH), consistent with m'm'2. The linear and the quadratic ME effects are found to be of comparable order of magnitude so that both have to be taken account of, in contrast to reference [2] in which only the linear effect was inferred.
The ME terms of the density of stored free enthalpy of a crystal, g (T, E, H) , at zero mechanical stress (with T the temperature, E the electric field and H the magnetic field intensity) is given by
with the notation of reference [4] . The total magnetic field induced polarization (at E = 0) is obtained by
where O!ik and /3iik are the coefficients of the linear and second order magnetoelectric effect, respectively. Using a coordinate system with axes 1, 2 and 3 the only non-vanishing coefficients of the linear ME effect for point group m' m2' are 0:23 and 0!32 with Llm', 2 11 M.l_m and j 11 P. 11 2', whereas for point group m'm'2 with P. and M. colinear along axis 3, the only allowed linear coefficients are 0:11, 0!22 and 0!33 ( diagonal tensor) [5] .
The tensor /3iik of the second order ME effect has the same form [6] as that of the piezoelectric tensor dijk [7] . The three point groups m' m2', m' m'2 and mm21' have the same set of non-vanishing coefficients, i.e. /3311, /3322, /3333, /3223 and /3113· When numerical data of /3iik are given, care is recommended with a view to take correctly account of the factor 112 in the various definitions. Since the boracite platelets used had P s perpendicular to the platelet, the relevant equations are P3 = 0!3;H; + (/3311Hf + f3322H~ + /3333H §) I 2 with i = 2 for m'm2' and i = 3 for m'm'2, where P3 is the polarization inol.l.1ied by the applied magnetic field and, for guidance, let us underline that for boracites it is two to four orders of magnitude smaller (for a field of e.g. 5 [kOe]) than the spontaneous polarization P. which is oriented along the same axis 3. One obtains the coefficients 0!32 or 0!33 and the /33ii 's by mesuring the induced charges Q (P3 = QIS, where S is the surface of the platelet) with an electrometer, e.g. Keithley 642 LNFPA.
It is the advantage of the MEH effect that no calibration is needed in constrast to the less convenient inverse effect, i.e. the electric field induced magnetoelectric effect (MEE).
Sample preparation and experiments
The single crystals of Cu-Cl boracite were prepared by gas phase transport [8] . The measured sample was a (OOl)ortho single domain platelet (area 5.37 [mm 2 ] , thickness 80 (Jtm]), electroded with semi-transparent gold on chromium and with P. perpendicular to the surface. The single domain state was optically checked by means of a polarizing microscope (refractive index np 11 P., with n.,. < np < n-y)· Figure la shows the induced charge as a function of time for H 11 P. 11 np 11 3, uncorrected for the drift. The accuracy is of the order of 5 % to 10 % . The given signs are to be understood relative to one another, but have not yet ben correlated with the sense of the spontaneous polarization.
Discussion
First, we note that a 3 3 is very small, i.e. about 30 times smaller than a32 of Ni-Cl boracite [4] , even about 70 times smaller than a23 of Co-Br boracite [9] but 20 times larger than was found in reference [2] for Cu-Cl boracite (also from a Geneva synthesis): 0!33 (Ref [2] Third, the observation of MEH "butterfly loops" on our Cu-Cl boracite sample -demonstrated e.g. also for Ni-Cl boracite [4] -, also confirms that M. 11 P •.
Fourth, the measurement of the charges as a function of H and temperature (for H 11 P .) has been undertaken but was difficult because of the smallness of the MEH signal compared with the pyroelectric one due to P. perpendicular to the electrodes and the insufficient temperature stability of the sample. Nevertheless the MEH signal seems to disappear at about 8.5 K.
Fifth, at 4 K and at a field of about 8 [kOe] and above -depending on the magnetic field direction -a new magnetic field induced phase transition has been detected by means of the ME effect. For example, with H 11 P. the linear effect disappears abruptly at a critical field and the quadratic one changes sign. More detailed experiments at higher fields are planned in order to clarify this point for Cu-Cl boracite crystals.
